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SHORT COMMUNICATION
A proposed potential role for increasing atmospheric CO2 as a
promoter of weight gain and obesity
L-G Hersoug, A Sjo ¨din and A Astrup
Human obesity has evolved into a global epidemic. Interestingly, a similar trend has been observed in many animal species,
although diet composition, food availability and physical activity have essentially remained unchanged. This suggests a
common factor---potentially an environmental factor affecting all species. Coinciding with the increase in obesity, atmospheric
CO2 concentration has increased more than 40%. Furthermore, in modern societies, we spend more time indoors, where CO2
often reaches even higher concentrations. Increased CO2 concentration in inhaled air decreases the pH of blood, which in turn
spills over to cerebrospinal ﬂuids. Nerve cells in the hypothalamus that regulate appetite and wakefulness have been shown to
be extremely sensitive to pH, doubling their activity if pH decreases by 0.1 units. We hypothesize that an increased acidic load
from atmospheric CO2 may potentially lead to increased appetite and energy intake, and decreased energy expenditure, and
thereby contribute to the current obesity epidemic.
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BACKGROUND
Obesity is one of the most signiﬁcant and rapidly increasing health
problem today, giving rise to an explosion in health care costs. The
amount of energy we consume and how much we move around
are the key factors in body weight regulation, but why a positive
energy balance emerges in the majority of individuals in societies
with access to abundant food calories is not completely under-
stood. Our lifestyle has changed dramatically since the beginning
of industrialization, and some of these changes probably affect
energy balance in ways that favour weight gain. Some experts
consider the dogma that voluntary changes in food intake and
physical activity are the principal causes of the obesity epidemic
to be circumstantial.
1 Moralizing the problem and socially
stigmatizing the obese has done nothing to stem the epidemic.
2
The causal mechanisms behind the obesity epidemic are clearly
multifactorial and complex. Results from both human and animal
studies indicate the existence of an intricate homeostatic system
for maintaining body weight within a fairly narrow range and the
presence of a powerful hedonic system that can interfere with
this relatively ﬁnely tuned regulation. If central mechanisms in this
homeostatic system, which involves endocrine feedback from
the periphery to the brain, are inﬂuenced by changes in the
environment, then even small environmental changes could
potentially cause changes in body weight. We propose a novel
hypothesis involving a mechanism in which a small change in
blood pH caused by increased concentrations of CO2 in our
environment may contribute to the development of obesity.
A POSSIBLE CONNECTION BETWEEN THE OBESITY EPIDEMIC
AND THE ENVIRONMENT
Coinciding with the sharp increase in the prevalence of human
obesity over the last 50 years, weight gain has also been observed
in animals. A recent study found that 24 populations of 8 different
species, including laboratory animals that had been fed the
same diets for decades, all displayed signiﬁcant weight gain.
3 This
suggests that a shared environmental factor, favouring weight
gain, may be involved in the regulation of energy balance. Such a
factor has yet to be identiﬁed.
The atmospheric concentration of CO2 has remained between
180--280p.p.m. over the past two million years.
4 However, with
the increasing industrialization of modern societies, CO2 concen-
tration has risen to 400p.p.m., with an additional increase to
550p.p.m. anticipated by 2050 (Figure 1). Thus, the partial
pressure of CO2 in the outside air has increased by nearly 40%
over the last century. Henry’s law states that the solubility of a gas
is directly proportional to the partial pressure of that gas above
the solvent, so we can assume that humans now absorb around
40% more CO2 in body tissue. This increased acidic load is only
partially counterbalanced by increased excretion of renal acid (H
þ).
It is therefore reasonable to assume that blood and cerospinal
ﬂuid are now slightly more acidic than 100 years ago. Additionally,
in industrialized cultures, we spend 80--90% of our time indoors,
where CO2 concentrations are often higher.
5
It is well established that acidity of the blood increases
(decreased pH) with increasing CO2 concentration in the inhaled air.
In a number of studies of a duration of several weeks, a lower
pH was maintained throughout, indicating that full renal
compensation did not occur.
6,7 Acidosis is also compensated by
increased ventilation, but apparently, this does not happen before
CO2 concentration in inspired air is about 10000p.p.m. (1%).
8
HOW CAN INCREASED ATMOSPHERIC CO2 AND LOW
BLOOD PH LEAD TO OBESITY?
In parts of the brain (hypothalamus), there are specialized nerve
cells (orexin neurons), which are involved in the regulation of
appetite, energy metabolism, wakefulness, feeding behaviour and
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www.nature.com/nutdlibido. These orexin neurons are extremely sensitive to changes in
pH, a decrease of only 0.1 pH units leading to a doubling in
their activity.
9 Given the observed increase in atmospheric CO2
concentration from 280 to 400p.p.m., and the decrease in the pH
of blood observed in animals and humans exposed to CO2
concentrations ranging from 7000 to 15000p.p.m.,
6,10 we
estimate that the ﬁring rate of the orexigen neurons has increased
by approximately 1% in the course of the last century. The basis
for the calculation: if the pH decrease with 0.1 pH units, the ﬁring
rate will change nearly 100%.
9 During the past century, the CO2
concentration has increased from 280 to 400p.p.m. (400 to
280p.p.m.). Additionally, we assume that there is a linear
relationship between the pH in the blood and the CO2
concentration in the inspired air. Two studies was identiﬁed
where blood pH was measured in relation to exposure to low
concentration of CO2. A human study with exposure to
7000p.p.m. CO2 and a blood pH decrease of 0.05 units
10 and a
guinea pigs study with exposure to 15000p.p.m. CO2 and a blood
pH decrease of 0.05 units.
6 The human study was used as a basis
for our estimate. The CO2 exposure was 7000p.p.m. and the
exposure difference normal air was 6600p.p.m. (7000--400p.p.m.).
According to (Williams et al.,
9) will a drop in pH of 0.05 pH units
means a 50% increase in the ﬁring rate. A rough estimate of the
proposed increase in the ﬁring rate would be: 50%/
6600p.p.m.¼0.008%/p.p.m. multiplied with 120p.p.m. (the last
100 years increase in atmospheric CO2)¼0.96%.
This calculation does not take an additional acidic contribution
of indoor air into account. We hypothesize that a lower blood pH,
caused primarily by rising CO2 concentrations in air, indoors
as well as outdoors, leads to elevated activity in parts of the
hypothalamus, resulting in increases in appetite and energy
intake. These pH-sensitive neurons also regulate wakefulness, and
increased activity in the neurons will lead to increased wakeful-
ness, which has also been associated with weight gain.
2
Interestingly, numerous studies have shown an association
between short sleep duration and increased body mass index.
11
The National Sleep Foundation (www.sleepfoundation.org) ﬁnds
that sleep duration has been decreasing steadily over the past
century. Activation of the orexin system will lead to less sleep, and
lack of sleep has been reported to decrease levels of the satiety
hormone leptin, increase levels of the hunger hormone ghrelin,
and alter glucose homeostasis.
12 Additionally, in patients with
obstructive sleep apnoea, characterized by both a hypercapnic
and a hypoxic state, energy expenditure (EE) has been found to
decrease with increasing severity of the afﬂiction.
13
Narcolepsy is a disease related to sleep. It is caused by an
autoimmune destruction of orexin neurons. Leptin concentrations
in these patients are only half that found in healthy control
subjects matched for age, sex, body mass index, waist/hip ratio
and fat mass.
14 Leptin is involved in the regulation of both energy
intake and of EE, and narcoleptic patients, despite eating less than
normal people, they still become obese.
15 Lower orexin levels
decrease appetite, so the weight gain may be a result of
decreased EE caused by lower circulating plasma leptin levels.
15
This effect of leptin may be the same as that linking shorter
duration of sleep to obesity.
16 Orexin neurons are inhibited by
glucose and leptin, and leads to decreased appetite, wakefulness,
sympathetic stimulation, libido and need for pleasure/reward. In
addition, the orexin neurons stimulate centres in the brain
forming adrenocorticotrophic hormone, which in turn leads to
increased production of cortisol by the kidneys. Increased cortisol
levels are known to increase appetite and favour abdominal
energy storage in pathological doses (Cushing disease).
2 Interest-
ingly, short sleep duration and chronic stress cause increased
levels of cortisol and have resulted weight gain in some
individuals.
17,18
If elevated environmental levels of CO2 reduce blood pH, and
this then leads to an increased ﬁring rate in the orexin neurons in
the hypothalamus, then several key processes in the brain could
be affected, leading to greater appetite and increased energy
storage.
TESTING THE HYPOTHESIS
The relationship between increased exposure to CO2 and the
processes described above has not been investigated previously.
An obvious way to test the hypothesis is to conduct long-term
animal studies, in which the effects of exposure to elevated levels
of CO2, as the sole intervention factor, on the amount of food
eaten, weight gain, growth rate, and if there are measurable
effects, whether they might be explained by a decrease in blood
pH. By use of metabolic cages with different CO2 concentrations,
differences in EE (respiratory calorimetry) and locomotion can be
measured simultaneously. Ideally, the animals should be followed
over several generations, because the acidic stress is likely to
inﬂuence the production of cortisol, which is known to induce
foetal programming, resulting in increased risk of obesity and
related diseases in the offspring.
19 It may be possible to identify
effects in animals that are pertinent to humans.
Long-term studies in humans prohibited by ethical considera-
tions, but short-term studies to test the effects of moderately
elevated levels of CO2 on appetite regulation could be performed
in respiration chambers.
20,21
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Figure 1. Printed with permission from IPCC. Climate Change 2001:
the Scientiﬁc Basis. Contribution of Working Group I to the Third
Assessment Report of the Intergovernmental Panel on Climate
Change, Figure 3.2(b). Cambridge University Press.
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Figure 2. Results from the pilot study. The numbers represent a
participant and each column represents the % difference in
ad libitum food intake between exposures to 8000p.p.m. CO2 and
not exposed.
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Nutrition and Diabetes & 2012 Macmillan Publishers LimitedWe conducted a small, short-term, crossover design, pilot study,
with 6 young healthy males (body mass index 20--25kgm
 2 and
22--35 years) randomly exposed to ambient air or 8000p.p.m. CO2
for 7.5h in respiration chambers. The study was reviewed by the
Science Ethics Committee for The Capital Region of Denmark,
journal number: H-4-2011-FSP, and the committee judged that
because of the very limited intervention that the project was not
notiﬁable. Before the study, we have obtained informed consent
from all the participants. Subjects’ ad libitum energy consumption
increased numerically by 6.1% when exposed to CO2 (95% CI:  5.7
to 17.9%, s.d.: 14.8%). The results are presented in Figure 2.
Though not statistically signiﬁcant, probably due to insufﬁcient
statistical power, the results was in the expected direction and
suggests that the hypothesis is worthy of exploration in larger
cohorts, both animal and human, using suitable designs to
minimize individual variability in the measured outcomes.
CONCLUSION
The cost of health care for an increasingly overweight and
obese population has increased dramatically, and efforts to halt
the obesity epidemic have failed. We propose that exposure to
increasing amounts of CO2 in the atmosphere changes regulatory
neuronal mechanisms in the hypothalamus, resulting in decreased
EE and sleep, and increased appetite and obesity. If substantiated,
this could prove to be an additional mechanism in the multi-
factorial causes of obesity, which will necessitate major political,
economic and environmental interventions to combat the obesity
epidemic.
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